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I.  H.  Yenukashvili. 


(age  #70. 

I 

Investigations  in  tbe  theory  of  transfer  of  cloud  particles  in 
considerable  degree  are  bonded  eith  the  development  of  the  nethods  of 
the  solution  to  kinetic  eguations.  in  this  respect  by  very  proaising 
is  presented  writing  of  tbe  kinetic  egnation  of  coagolatipn  in  tbe 
fore  of  integral  egnation.  In  particular  this  is  exhibited  during  the 
J solution  to  the  boundary-value  problems  of  the  kinetics  of 

coagulation.  This  integral  eguation,  including  boundary  conditions, 
in  very  conpact  fora  contains  entire  physics  of  the  process  of  the 
transfer  of  cloud  particles  and  can  reades/shou  sore  convenient  then 
integrodif f erentia 1 eguation.  Let  us  note  that  the  integral  kinetic 
eg nations  successfully  are  utilised  in  the  theory  of  transfer  of 
4 neutrons  [1],  in  aerodyaanics  of  rarefied  gases  [2,  3]. 

The  transport  problea  of  cloud  particles  - this  the  problea  of 
nany  particles  and  with  study  of  tbe  forsation  cf  the  speetrua  of 
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cload  particles  is  space  and  is  tine  east  he  considered  their 
| absolute  notions,  astual  collisions  and  nergiag/coalescences. 

Sinultaneously  with  this  the  valoe  of  the  distribution  function  of 
doad  particles  in  point  vith  radi os- vector  r (x,  y,  z)  they  east  be 
bonded  not  only  with  the  values  of  distribution  function  bn  the 
points,  close  toeard  the  end  of  vector  r,  bet  also  vith  values  in  all 

points  of  cloud,  including  interfaces. 

I 

Let  n (v,  r,  t)  be  the  distribution  function  of  cloud  particles 
according  to  voluaes  v at  the  nonent  of  tine  t about  point  in  space 
vith  radius-vector  r,  so  that  value 

dn«mn(v,  r.  l)dQdv  (1) 

0 is  for  the  nonent  of  tine  t the  aatheaatical  expectation  pf  the 
nunber  of  cloud  particles,  vhich  have  rad ius- vector  and  range  r,  r ♦ 
dr  and  voluse  in  the  range  v,  v ♦ dv;  dfi  * dx  dy  dz  - eleeentary 
threa-dine nsional/space  con non/general/total,  that  adjoins  tovard  the 
end  of  radius-vector  r. 

h Distribution  function  n (v,  r,  t)  is  question  naJtes  sense  of  the 

density  of  the  natheaatical  expectation  of  the  nunber  of  cloud 
particles;  hovever,  together  vith  this  it  sinultaneously  has  also  the 
t sense  of  the  density  of  distribution  of  the  probability  of  the 
detection  of  one  particle  is  the  four- dine ns ional  voluse  dvdfi. 
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Let  as  isolate  is  cloud  the  saall  voduae  closest  dfi  and 
detecsise  ia  this  voluse  about  point  vith  radius-vector  r for  the 
arbitrary  nonent  of  tiae  t«  the  nanber  of  cload  particles  vith  aolane 
ia  the  range  »,  » ♦ da,  i.e.,  let  ns  deter nine  dn  * n (a,  r,  t)  dfi 
da. 


Page  171, 


I 


It  is  obvious,  this  nanber  will  be  deternined  by  the  intensity 
of  the  energence  (generation)  of  cload  (articles  by  the  up  lane  in  the 
range  a,  a * da  in  all  cload  (including  interfaces)  at  the  different 
aonenta  of  tine,  which  precede  the  nonent  of  tine  t in  question,  and 
4 also  by  the  probability  of  the  adnission  .of  the  energeat  cload 

particles  into  the  aolane  dfi  in  question  sithoat  collision  vith  other 
cloud  particles. 


Let  (1  (a,  r,  t,  r)  be  a probability  of  free  notion  in  the  tine 

interval  <*•  t)  of  this  cloud  particle,  vhich  at  the  nonent  of  tine  a 
® is  located  in  point  vith  radiue-aector  t-  (t-r)  vith  and  nt  the 
nonent  of  tine  t proves  to  be  at  the  point  of  space  vith  radius 
vector  r.  Here  c is  speed  of  the  notion  of  the  cload  particle,  vhich 
has  aolane  a,  vhich  depends  on  a,  sad  also  on  t^e  velocity  of  the 


nEaJtffifllUtj 
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Mtion  of  air  aasses  la  cloud.  the  generalisation  of  tho  physical 
d«riv«tioi  of  tho  spates  of  integral  cgwtioat  of  tho  kiootica  of  tho 
congelation  of  cload  particles  in  tho  cnso  of  tho  accolorhtod  notion 
of  cload  particlos  presents  no  difficnitioa  [%].  Special  exaaiaatioa 
regairea  tho  case  of  tho  action  of  clood  particlos  ia  tho  tarbaloat 
floo  of  air  aasaos. 


lot  as  oxaaino  certain  cload  particle  at  certain  aoaent  of  tiae 
t*  lot  it  is  locate  in  point  aith  tadies— vector  r and  has  volaao  v 

and  speed  c*  it  is  possible  to  assert  that  at  certain  aoaent  of  ties 
v < t it  experienced  tho  last/latter  collision  and  that  it  as  the 
cload  particle,  possessing  voluae  v and  speed  c,  it  was  torn  in  point 
aith  radian- vector  r-  <t-r»  c at  the  aoaent  of  tie*  *. 


dnx  **  *T>  {v,  t,  t)d<2dvdt 


9iees  the  aatheaatical  expectation  of  tho  naabor  of  cload 
| ahich 


aero  being  bora  ia  the  eleaeatary  volaao  of  space  dt  about 
point  aith  radios  vector  r for  a period  of  tiae  dt  and  which  have 
volaao  ia  the  range  v#  v ♦ dv. 


tot  as  express  faactioa  a (v,  r,  t)  thcoagh  tho  faactioa  of 
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n(v,  r,  VcfvdQvmdno  + dn, 


generations  and  tin  probability  of  froa  option,  it  tba  noaant  of  tiao 
I t > t*  (t,  - tba  initial  aoaaat)  tba  natbanatical  expectation  of  tba 
niiabar  of  cloud  par  tic  las  vitb  a voluae  of  v,  * ♦ dr  in  tba  voluae 
eleaeat  of  space  M is  csnpagnd  of  t«o  pasts. 


•bars  dn0  is  a natbanatical  expectation  of  tba  onaber  of  cloud 

* particlas  vitb  volnaa  in  tba  range  »,  » * dt«  vbicb  raacbad  in  dfi 
fron  tba  initial  stata  vithont  collisions*  dn*  is  a natbanatical 
aspactation  of  tba  nuaber  of  cloud  particles  sitb  a volnaa  of  v#  v ♦ 

* dv,  vbicb  appear  in  cloud  in  tine  interval  froa  tc  to  t at  tba 
different  sonants  of  tine  r at  tba  different  points  of  space  vitb 
tadias-’vector  r-  ( t-r)  c and  vbicb  vitbcnt  collisions  reach  dQ  np  to 

1 tba  nonant  of  tine  t. 


It  is  obvions  that 


dn^-mn  \v.  r-  (/-/„)  c,  /„jn(r,  v,  /.  /*)  dvdQ. 


I Page  472. 


Then,  according  to  dataraiaation  (2)  , value 


♦ {a,  r — (<  — t)c,  t|rfQrfedt  (5) 


I • J.  f 


. MM  - 
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•ill  be  equal  to  the  aatheaatical  expectation  pf  the  nuaber  of  cloed 
f particles,  which  are  bora  vithin  volune  dfi  about  point  with 

radius-vector  r—  (t-r)  c for  a period  of  tine  dr  and  have'  a volune  in 
the  range  v,  r ♦ dr.  Proa  this  quantity  of  cloud  particles  to  eleaeat 


of  volune  dQ  about  the  points  with  radius- vector  r uill  r ach  only 
the  those,  that  for  the  extent/elongaticii  of  tine  (r,  t)  do  not 
experience  collisions.  Therefore,  if  we  expression  (5)  nultiply  by 
the  probability  of  free  notion  n (r,  v,  ▼,  t)  and  to  integrate  over 
alternating/ variable  r froa  t0  to  t we  will  obtain  the  total  quantity 
of  cloud  particles  with  a volune  of  v,  v a dv,  which  appe  r in  cloud 
in  tine  interval  (tQ,  t)  and  the  aoaent  of  tine  t entereleaent  of 


volune  dQ  about  point  with  radius- vector  r.  Thus 


diu  * dQ  dv 


Special  exaaination  reguires  the  case,  when  occurs  the  eaergence 
of  cloud  particles  on  interface,  for  exaaple  at  the  level  of 
condensation.  For  those  regions  of  the  dpuds*  into  which  can  enter 
cloud  particles,  which  arose  on  interface  in  tine  interval  (t0,  t) , 


in  relationship/ratio  (3)  one  should  write  the  additional  tern,  which 


considers  a quantity  of  cloud  particles  with  volune  in  the  range  w,  v 
♦ dv,  which  appear  on  interface  at  the  appropriate  aoaent  of  tine  and 
which  without  collision  reach  dfi  about  point  with  radius-vector  r up 
tc  the  nonent  of  tine  t.  In  this  case,  it  goes  without  saying,  thn 
boundary  function  of  the  generations  is  assuaed  known. 
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Substituting  (4)  and  (0)  in  (3)  • ue  obtain 


For  obtaining  the  closed  systea  of  integral  equations  it  is 
necessary  to  express  the  probability  of  free  action  and  the  function 
of  generation  by  distribntion  function. 


Let  Mji  be  a probability  of  the  randpa  event,  ehich  consists  of 
I the  fact  that  during  tine  interval  esaained  cloud  particle  is 


adjacent  to  another  cloud  particle 
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& - the  effective  volune  of  the  collisions  pf  the  cloud  particles, 
which  have  voluaes  v and  u;  E is  a coefficient  of  capture 

0ith  snail  At*  the  probability  of  £e*«  notion  for  the  cloud 
particle  in  question  during  tine  interval  till  be  equ^l  to 

Then  the  probability  of  the  free  notion  of  the  cloud  particle  in 
question  for  a period  of  tine  7=£At,  «il4  be 


P **  H P,  = ex  p 


/ =i 


- 2 

i J 

T,)«(t>,  u)du 


I n r 00 

= exp<  - 2 1 «(«■  r + 'cc,  1 + 

l ««i  U 


At, 


Bence,  replacing  sunning  by  integration,  «e  obtain 


n(e,  r.  T,  /)*»exp 


-f 


r 

I »(v,  «)«(«,  r-(/  — q)t,  if) du  \ dq). 

0 J ) 

(*> 


The  Inst/latter  relationship/ratio  gives  connunication/con section 


best  available  c 


- - ..... 
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between  the  probability  of  free  notion  and  the  distribution  function 


cf  cloud  particles 


To  the  genera tioa  of  cloud  particles  with  a voluae  of  v is  the 
voluae  of  space  dfi  for  tine  dt  give  the  collisions  of  cloed  particles 


fros  voluaes  v-u,  u,  with  this  u it  can  tSke  values  froa  0 to  v. 
Therefore  the  collision  frequency,  sunned  up  in  teras  of  all  possible 
values  of  u,  gives  interesting  us  the  aathcaatical  expect  tioa  of  the 
nuaber  of  generations  of  cloud  particles  with  a voluae  of  v,  thus 


Expression  # (v,  a)  reflects  sechsnics  and  the  statistics  of  the 
reaction  betveen  the  pair  of  cloud  particles. 


equations  (7)  , (8)  , (9)  are  the  systea  of  the  integral  equations 
vhich  characterise  the  kinetics  of  the  coagulation  of  cloud 


particles.  The  structure  of  these  equations  is  such,  that  easily  it 
is  possible  to  produce  the  exception/elinioatioa  of  functions  M,  <t» 
and  to  obtain  one  integral  equation  for  the  distribution  function  of 
I cloud  particles. 


Substituting  (8),  (9)  in  (7),  ue  have 
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to  both  parts  of  aquation  (7) ; taking  intp  account  tha 
relation ship/ratios: 
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* ue  obtain 


3T  — «(«.  r,  /)-jj  «(*,  «)*(#,  r.  t)du |jo[e.  r-(/-t)c  tJX 

! i 

X n<r,  V,  x,  t)dx  + n\v,  r — (/  — /.) c,  f,|n(r,  v,  t,  g 


If*  according  to  (7),  expression  in  early  braces  in  the  last/lattec 
relationship/ratio  is  replaced  through  a ,<»*  r,  t)  * and  function  ^ 
(Vf  r#  t)  * with  expression  (9) * then  u«  sill  obtain  the  ftnovn 
integrodiff  egnation  of  the  kinetic  thecrf  of  the  coagulation  of  the 
cloud  particles 


-^r— —n(v.  r,  f)  j *(«.  «)«(».  r.  i)du  -f 

r 

-I-  4*  Jefr— e.  «)«(«  — «.  r.  0*(».  r.  /)**. 


As  the  MMcieal  Mtko4t  of  the  appoziaiti  aolitioi  of  tk« 
oyotoo  of  integral  egeatioes  (ft#  Wrf)  it  la  possible  to  stilise 
a oat hod  successive  approximation,  aa  iterative  set hod,  aad  also  a 
aatfcod  of  torgee/aoseats  [5,  6).  iccaptiag  as  xero  approxiaatioa 
sitker  the  laitlal  distribution  or  aaj  aaalytlcsl  solatioa  of  the 
siipUfiad  problao  of  tka  kinetics  of  tha  coagslatiae  aC  aload 
particles,  «a  coapata  tka  (section  of  go|K«kia|  (D,  aif  4 ka 
probability  of  fraa  eotioa  n«.  Sobatitctheg  <dd  aai ' it  egeation 

(7)»  aa  obtaia.  tka  Meat  appeexieation  of  distribatioa  faaetioa  at. 
Vartbar  aa  coapata  ®,t  n,.  the  following  approach/approxiaatioas  ara 
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xemMx  rants.  AspojumaMsita  paspenetinux  rants.  HmpopM.  c6.  JUT,  M I, 
1963. 

Riiioi  B.  B.  Bspsssr  RccTswosapsux  xaaennccBax  ypaaaeaaft.  Aspo- 

jiMnaMHKa  paspeatcaatix  rases.  Ha4opn.  c6.  /I IT,  M I,  1963. 

aosa  A.  B.,  Banaixip  C.  B.  Haiarpaaunie  Mswacwe  ypaaaeaax 
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